Abstract
Introduction

25
The Angola-Benguela Frontal Zone (ABFZ, see Fig. 1 ), situated off the coast 26 of Angola/Namibia, is a key oceanic feature in the southeastern Atlantic Ocean. The 27 ABFZ separates the warm sea water of the Angola Current (e.g., Kopte et al., 2017) 28 from the cold sea water associated with the Benguela Current/upwelling system (e.g.,
Ocean Frontogenesis Function
117
The ocean frontogenetic function (OFGF) is defined and applied to the ocean meridional temperature gradient by convergence/divergence of meridional current.
143
The tilting term represents conversion of the vertical stratification into meridional 144 gradient by meridional shear of vertical velocity.
145
The fourth term is a thermodynamical term due to exchange of heat associated
146
with the turbulent heat flux (surface heat flux is included into ′ ′, it is the surface 147 boundary condition). The contribution due to the second order horizontal diffusion is 148 ignored for simplicity.
149
Since within the OML the temperature is fairly uniform (cf. Fig. 2 
where, the subscript of oml indicates the OML-mean quantity estimated by, (Fig.1b) . In this section, we investigate the frontogenesis of the ABFZ diagnostically 221 applying the OFGF described in Section 3. (∂θ oml / ∂y) / ∂t is zero for climatology independent of time,
Note that all terms in Eq(5.1) is annual-mean climatology. On average in the core of 
Seasonal Cycle
268
In the preceding subsection, we have shown that in terms of climatological annual cycle (not shown). Figure 5b shows the seasonal variations of TILT, CONF,
296
and RESD averaged over the same box as the temperature gradients in Fig. 5a . 
303
From the middle of November to February, the box-averaged CONF is 304 modestly negative, which is due to the frontolytic effect adjacent to the Angolan coast The contribution of TILT to the ABFZ seasonal cycle is almost always 312 frontogenetic. Close to zero in January, TILT is enhanced from February and reaches October, respectively (Fig. 5a ). This suggests that the two peaks of the ABFZ are and June-July, respectively.
323
In addition, RESD is almost always frontolytic with a relatively large annual-cycle. We thus can conclude that in terms of a first-order estimation, the semi-
330
annual cycle of the ABFZ is explained by the combination of TILT and CONF. we also focus on the SSH and corresponding geostrophic current. (Fig. 6a) . However, in January an intense divergence is generated due to the strong 380 southward ageostrophic current along the coast (Fig. 7a) . In April, when CONF is 381 modestly frontogenetic (Fig.5b) , the Angola Dome and associated geostrophic flow 382 are diminished (Fig. 7b) 
406
The OML depth has extrema in August to September (around 100 m) and from TILT is quite weak in August to September (Fig. 5b) .
422
Concluding Remarks
423
In this study we investigated the processes controlling the ABFZ evolution is generated by wind stress curl (Fig. S2 ). This Ekman divergence induces upward 438 motion in the Ekman layer. Interestingly, the Ekman divergence due to the zonal wind stress is also an important contributor to the vertical velocity in the ABFZ. The 440 contributions of the shear (SHER) and surface heat flux (SFLX) terms, are rather 441 negligible, while the residual (RESD) term represents a main frontolytic source.
442
Climatological seasonal evolution of the ABFZ has a well-pronounced semi-
443
annual cycle with two maxima of the SST meridional gradient, in April-May and
444
November-December, and two minima, in February-March and July-August. We
445
showed that the two maxima of the ABFZ were associated with two different 4E  6E  8E  10E  12E  14E   10S   12S   14S   16S   18S   20S   10S   12S   14S   16S   18S   20S  2E  4E  6E  8E  10E  12E  14E   2E  4E  6E  8E  10E  12E  14E   10S   12S   14S   16S   18S   20S   2E  4E  6E  8E  10E  12E  14E  2E  4E  6E  8E  10E  12E  14E   10S   12S   14S   16S   18S Time series of (a) averaged over (17°S-15°S and 10°E-12°E ) and (b) OML-mean meridional current velocity (black) and geostrophic meridional current velocity estimated from sea surface height (blue) at 15°S (solid line) and 17°S (+ mark) averaged between 10°E and 12°E. All variables are filtered by moving 11-days window. 
